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Introduction
Anisotropy of magnetic susceptibility (AMS) has been widely applied to analyse fabrics in magmatic intrusions (e.g. Archanjo et al., 2012; Bouchez, 1997; Cruden et al., 1999; Gleizes et al., 1998; Launeau and Cruden, 1998; López de Luchi et al., 2004; Petronis et al., 2012; Raposo et al., 2012; St Blanquat et al., 2001) , lava flows (e.g. Cañón-Tapia and Coe, 2002; Cañón-Tapia, 2004; Loock et al., 2008) , and dykes (e.g. Archanjo and Launeau, 2004; Cañón-Tapia and Chávez-Álvarez, 2004; Eriksson et al., 2011; Geoffroy et al., 2002) . Many studies showed that the magnetic fabric obtained by AMS measurements is commonly coaxial with the macroscopic silicate fabric in ferro-and paramagnetic rocks (e.g. Aranguren et al., 2003; Archanjo et al., 1994; Petronis et al., 2004) and hence can be used to gain information about magma flow, emplacement related strain and/ or tectonic strain. However, the AMS signal cannot be compared directly to the shape-preferred orientation (SPO) of the main silicate minerals that determine the macroscopic fabric of the rock. The relation between AMS fabric and strain is not simple either : Arbaret et al. (2013) showed that AMS and SPO fabrics in simple shear flow tend to stabilise parallel to the shear plane only at high strain and that the amount of strain required for fabric stabilisation depends on the aspect ratio of the particles and their initial orientation. Adding further complexity, the magnetic axes and the three-dimensional shape of the magnetic minerals are not always clearly associated (Bouchez, 1997) .
Theoretical and experimental work has been conducted to explore the nature of the AMS signal in ferromagnetic igneous rocks where magnetite is the main magnetic carrier mineral of the AMS. Two theories explaining how the AMS signal is controlled were developed:
i) The AMS signal is attributed to the shape anisotropy of the magnetite grains (O'Reilly, 1984) . Although magnetite crystallises in the cubic system the grains are not necessarily isometric. It was demonstrated that the AMS ellipsoid and the shape ellipsoid of the magnetite grains (SPO) are closely related in terms of orientation and intensity of the ellipsoids' axes (Grégoire et al., 1998) .
ii) The AMS signal is attributed to the irregular distribution of the magnetite grains and their tendency to form clusters (Hargraves et al., 1991; O'Reilly, 1984; Stephenson, 1994) . The distribution anisotropy of the magnetites leads to varying magnetic interactions between the magnetite grains and create the AMS signal (Cañón-Tapia, 1996) . Clusters of magnetite grains result in an increased or de creased magnetic susceptibility along the clusters' longest axes, de pending on whether the grains are aligned or side-by-side (Grégoire et al., 1995) . Therefore, the grain shape of the magnetites and the magnetic anisotropy degree might not be closely related.
To synthesise these two concepts about the origin of the AMS signal, studies showed that the AMS signal is controlled by several factors, such as the proportion of grains that interact magnetically or not, the shape of these grains, and intrinsic material properties of the magnetic grains (Cañón-Tapia, 2001 ). Numerical models and experiments suggest that the two endmembers of magnetic interactions between grains are i) small magnetite grains, which form clusters and interact magnetically, determine the AMS signal by their distribution, and ii) large, dispersed magnetite grains do not interact magnetically and control the AMS signal by their preferred shape orientation (Gaillot et al., 2006) . Quantifying the contributions of each of these factors to the AMS signal remains a major challenge as the signal only gives integrated information over the whole volume of the sample.
A recent study uses high-resolution X-ray tomography (X-ray CT) as a non-destructive technique to shed light into the distribution and shape of magnetite grains in tonalites (Floess, 2013) . The conclusion of this work is that the distribution of the magnetite grains only influences the AMS signal if the magnetites are arranged in clusters, in agreement with Gaillot et al. (2006) . If a strong AMS is present in the rock, the AMS ellipsoid is identical to the shape and the preferred orientation of the magnetite grains. However, the connection of AMS fabric to the SPO of the main silicate phases (i.e. macroscopic fabric) remains solely observational.
Like this non-quantified relation, the link between the magnitude of the mean magnetic susceptibility K m and the amount of iron has not been investigated in detail for highly ferromagnetic rocks. It has only been proposed for rocks with K m smaller than 10 − 3 SI that K m correlates positively and linearly with the iron content of those rocks (Bouchez, 1997; Rochette, 1987) .
Building upon the work of Floess (2013) , this paper presents a detailed comparison between different fabric analysis measurements in ferromagnetic granitoids of the Lago della Vacca Complex (LVC), Adamello Batholith. The aims of this study are to test the applicability of the methods to characterise fabrics, to explore the link between AMS fabric and the macroscopic silicate fabric, to determine the origin of the AMS signal and to explore the relation between the magnetic susceptibility and the magnetite content. The purpose of this paper is not to discuss the fabric results in the context of the regional geology of the LVC, which is covered in another paper (Schöpa et al., submitted for publication).
Samples and methods

Samples
The 12 samples selected for this study were taken in the LVC, a silicic intrusion in the southern Adamello Batholith (Fig. 1) . The samples are made up of Lago della Vacca tonalite, Galliner granodiorite and marginal tonalites. A full description of the microstructures of these rocks is given by John and Blundy (1993) and will be summarised here.
The Lago della Vacca tonalite shows an equigranular texture with 1-3 mm large prismatic hornblende, subhedral plagioclase, subhedral biotite, euhedral titanite and anhedral apatite (samples 11AS11, 11AS25, 11AS38, 11AS39, 11AS53). Quartz and alkalifeldspar smaller than 2 mm are present in the interstices. The hornblende and the titanite occasionally contain inclusions of plagioclase, pyroxene and oxides.
The equigranular Galliner granodiorite is characterised by prismatic hornblende crystals and subhedral plagioclases of 2-3 mm in size (samples 11AS47, 11AS58). Subhedral biotite with apatite, plagioclase and oxide inclusions is subordinately present. Interstitial quartz and alkalifeldspar are usually smaller than 3 mm.
Marginal tonalites of the LVC include two varieties: i) highly foliated tonalite, where up to 6 mm large plagioclase and lath-shaped horn blende crystals define the macroscopic foliation (samples 11AS12, 11AS28, 11AS40, 11AS52), and ii) tonalite with equigranular hornblende crystals up to 4 mm in size with inclusions of anhedral plagioclase, pyroxene and oxides (sample 11AS46). Interstitial plagioclase, biotite, quartz and alkalifeldspar measure 0.2-1 mm in both marginal tonalite varieties.
Oxides, predominately pure magnetite, are present in the tonalites and granodiorites of the LVC as individual grains or grain clusters. Single oxide grains occur in the groundmass, fill in the interstices between the silicate minerals and are included in larger hornblende, plagioclase, biotite and titanite crystals. The magnetite inclusions are occasionally located parallel to the rims of the host crystal. If large hornblende crystals have a preferred orientation single magnetite crystals and mag netite clusters follow this alignment (Fig. 2) . Individual magnetite grains measure between 30 and 500 μm, average ~ 150 μm, and magnetite clusters can be up to 550 μm large.
Field measurements and image analysis (IA)
The macroscopic silicate fabric in the LVC granitoids is determined by the preferred orientation of mafic silicates such as lath-shaped hornblendes and subordinate, anhedral biotites. Magmatic foliations were measured directly in the field with a geological compass; mineral lineations could not be resolved at outcrops.
IA with the intercept method in grey levels (Launeau et al., 2010) quickly analyses the whole crystal shape anisotropy of a rock by a smoothed detection of boundaries between contrasted mineral phases. The division of the area of analysis (or mineral area when available) by the number of boundaries counted in each direction gives the mean intercept length rose. This is the mean shape preferred orientation of the minerals (SPO) because it is proportional to the preferred orientation of the minerals' shape towards a main direction. Since most of the fabrics or SPO are ellipses in 2D, we can calculate the 3D SPO ellipsoid with a minimum of three mutually perpendicular images (Launeau and Robin, 2005; Robin, 2002) . It includes an adjustment of the size in sections to make them compatible with a common ellipsoid. The method finally provides a preferred orientation of crystal population along a main direction, expressed as the longest axis of the SPO fabric ellipsoid.
The intercept method was applied to two image datasets to deter mine the macroscopic SPO of mafic silicate crystals marked by their contrast to quartz and feldspar. One image dataset was taken of rock surfaces in the field (IA-F) and the second dataset was obtained from rock samples (IA-S) cut in the laboratory (Fig. 3 ). These were the same samples that were cored for the AMS analysis and used for the X-ray CT measurements.
The intercept method in grey levels can rapidly quantify the macroscopic silicate fabric. However, the method can only be used if sufficient minerals of different brightnesses are present in the images. In addition, the SPO of the IA is sensitive to shape variations of the mafic silicates. In our sampled lithologies, the general habit of the hornblende and biotite crystals does not change significantly in individual samples or across each sample field site. Hence, our results of the IA can be used to quantify the strength of the fabric in individual samples/sites and can be compared to other fabric measurements performed at the same sample/site. Table 1 summarises the characteristics of the fabric measurement techniques with investigated minerals, area/volume analysed and resolution of the imaging techniques.
Anisotropy of magnetic susceptibility (AMS)
Oriented block samples were collected in the field, reoriented in the laboratory and cored for AMS measurements. 2.2 cm high right circular cylinder specimens with a diameter of 2.5 cm were cut from the cores. The AMS signal of six to nine cylinder specimens for each sample site was measured with an AGICO KLY-3 Kappabridge (Agico, Brno, Czech Republic) working at an applied field of 300 A/m and a frequency of 875 Hz at the Géosciences Environnement Toulouse laboratory, France. The AMS is represented by an ellipsoid with three major axes reflecting the maximum, intermediate and minimum directional strength of the magnetic susceptibility. For our samples, the AMS is homogeneous for all sample specimens of one sample site.
Optical microscopy on thin sections, SEM, thermomagnetic and hysteresis measurements revealed that large, multi-domain magnetite grains are the dominant magnetic phase in all samples of the LVC (Schöpa et al., submitted for publication). The AMS of multi-domain magnetites is usually "normal" where the magnetic axes are directly related to the threedimensional shape of the magnetite crystal and the longest axis of the grain is parallel to the largest susceptibility axis (Rochette et al., 1999) . The samples have a high mean susceptibility K m ranging from 18 to 119 × 10 − 3 SI (Table 2) , consistent with micro-structural observations that the samples contain approximately 3% magnetite (cf. John and Blundy, 1993; John and Stünitz, 1997) .
High--resolution X--ray tomography (X--ray CT)
One AMS core specimen per sample site was selected for the X-ray CT imaging. The X-ray CT analyses were performed at the Université de Lausanne, Switzerland, with a SkyScan 1173 highenergy spiral scan on 12 of the core samples that had been measured for the AMS. The X-ray source operated at 130 kV and 61 μA, and the X-rays were detected with a flat panel sensor of 2240 × 2240 pixel (Fig. 3) . As the linear attenuation coefficient of X-rays passing through an object is related to the density, the atomic number and the X-ray beam energy, the grey scales in the detected shadow images represent minerals of different densities (Ketcham, 2005a) . The attenuation coefficient of magnetite is much larger than that of quartz and other silicate minerals allowing for a good distinction between magnetite and silicate phases (Baker et al., 2012) .
NRecon from SkyScan was used for reconstructing stacks of horizontal slice images from the acquired shadow images. Post-processing of the tomography scans, including post-alignment of the X-ray beam (Feldkamp et al., 1984) , beam-hardening correction and ring-artefact correction were performed to obtain homogeneous grey-levels for each mineral phase in all the slice images of one sample. One pixel had the dimension of 23 μm throughout the post-processing and the fol lowing phase analysis. The software Blob3D was able to threshold and separate magnetite and the mafic silicates (hornblende and biotite), from the other phases, mainly quartz and feldspar in the reconstructed images (Ketcham, 2005b) .
From the magnetite and the mafic silicate fraction, the bulk shape anisotropy for individual magnetite grains or magnetite clusters and for the mafic silicates are calculated as star length distribution (SLD) in Quant3D (Ketcham, 2005a) . Similar to the intercept method of the IA, the star analyses explore the surrounding volume for the detection of boundaries. Unlike IA, which explores the whole image, the star pro cess starts from a subset of nodes and looks for the first boundary in any direction permitted by the network of voxels. Thus, it is not sensitive to noisy detection of boundaries along complex imbrications of cubes forming a mineral phase. For the SLD method, the grain shape anisotropy is visualised by an ellipsoid. The axes lengths of the fabric ellipsoids of the SLD can be directly compared to the axes lengths of the fabric ellipsoids obtained from different methods such as IA and AMS.
Distribution anisotropy
In the X-ray CT images, the volume and the midpoint coordinates of the magnetite grains were extracted by Blob3D and used to calculate the distribution anisotropy of the most voluminous magnetite grains with a Matlab programme (Floess, 2013) . First, the orientation of the line be tween two grains is determined for all grain pairs. Then, these orientations are weighted by the volumes V 1 and V 2 of the two grains and the distance r between them with a weighing factor
(1) (Stephenson, 1994) . We evaluated the effect of the number of (size-sorted) magnetite grains on the calculation of the distribution anisotropy. Calculations were run with the 500, 700, 1000, 1200 and 1500 most voluminous magnetite grains. We found that the distribution anisotropy is only marginally affected by the number of grains used in the calculations and therefore, we only present the results of the calculations with the 1000 most voluminous grains.
Results
Each independent fabric measurement technique used in this study provides a fabric ellipsoid, which determines the orientation, shape and strength of the respective fabric. An exception is the mafic silicate fabric measured in the field, which only delivers foliations and no fabric ellipsoid. The longest axis of a fabric ellipsoid defines the lineation and the shortest axis is the pole to the foliation. Oblate fabric ellipsoids indicate that the fabric is dominated by planar structures (foliations) whereas prolate ellipsoids are characteristic for fabrics dominated by linear structures (lineations). The results of the fabric measurements are given in Table 2 .
Relation between the SPO of silicates and magnetite
A detailed comparison between the field foliations, IA-F, IA-S and the AMS on the intrusionscale in the LVC yield that the AMS is usually co-axial with the SPO of the mafic silicates defining the macroscopic fabric (Schöpa et al., submitted for publication). In addition to the orientations, the shapes of the IA-F and IA-S SPO ellipsoids and of the AMS ellipsoid for the 66 sample sites agree. For the subset of this study, angular departures between the foliations of the field, IA-F, IA-S and the AMS do not exceed 45° (Fig. 4) . Small discrepancies are due to uncertainties in the field measurements, reorientation of the AMS samples and uncertainties in sample mounting in the AMS instrument.
The foliations obtained from the SLD ellipsoid of the mafic silicates plot no more than 48° from the foliations acquired in the field. The lineations and foliations of the SLD (black circles in Fig.  4 ) are also in agreement with the foliations and lineations obtained from IA-F, IA-S and AMS. This correlation is expected because the mafic silicates SLD represents the SPO of the hornblendes and biotites and should hence be consistent with the field measurements of the mafic silicate fabric and the IA-F and IA-S.
Likewise, the directional fabric components of the magnetite SLD (black squares in Fig. 4 ) have the same orientation as the field, the IA-F, IA-S, the SLD of the mafic silicates and the AMS. As one would expect, the AMS of the sample cores selected for the X-ray CT generally plot closer to the magnetite SLD than the averaged AMS for all cores of one site. Correspondingly, the averaged AMS is usually closer to the IA-F, IA-S and the field measurements than to the magnetite SLD.
Intensity of SPO
The shape of fabric ellipsoids delivered by different techniques can easily be compared in a plot of the axial ratios of the ellipsoids (Woodcock, 1977) . In such a Flinn-type diagram (Flinn, 1962) , the lines radiating out from the origin divide regions of different fabric ellipsoid shapes such as prolate (∞ > K > 1) where the maximum (max) axes cluster in a stereonet projection, and oblate shapes (1 > K > 0) where the maximum and the intermediate (int) axes form a girdle.
is the gradient of the radiating lines (Woodcock, 1977) . The Flinn-type diagrams of our samples show that the shape of the fabric ellipsoids are mainly in good agreement for the IA-F, IA-S, AMS, the mafic silicates SLD and the magnetite SLD (Fig. 5) . Especially for samples 11AS11, 11AS28, 11AS40 and 11AS52, the axial ratios of the different techniques plot along one line, representing one distinctive fabric shape. Oblate fabrics dominate for samples 11AS11, 11AS12, 11AS28, 11AS38, 11AS39, 11AS40, 11AS46, and 11AS52. Prolate fabrics prevail in samples 11AS53 and 11AS58. The other samples plot in the transitional area around K = 1. The oblate character of the fabric is also clearly visible for samples 11AS11, 11AS40 and 11AS46 in Fig. 4a , g and h where the foliation poles for the different fabric analysis techniques cluster and the lineations plot along a great circle.
The intensive parameters P% = 100(max/min − 1), F% = 100(max/int − 1), L% = 100(int/min − 1), and the shape parameter T = (2(ln int -ln min))/(ln max -ln min) − 1 (Jelinek, 1981) can also be calculated from the main axes of the fabric ellipsoids. A comparison of the fabric intensity as provided by these parameters confirms our finding that the strength of the AMS fabric is in good agreement with the intensity of the SPO of the magnetite (Table 3 and Fig. 6a and c) .
Relation between silicate SPO and the 3D spatial distribution of magnetite
The orientations of the main axes of the distribution anisotropy ellipsoids, which are a measure of the spatial arrangement of the magnetite grains, are less consistent with the other fabric measurements. Very large angular departures to field, IA-F, IA-S, AMS and SLD data are no ticeable for many samples (Fig. 4 : 11AS25, 11AS28, 11AS46, 11AS53 and 11AS58). For some samples, the foliation poles of the AMS plot in between the poles of the distribution anisotropy and the magnetite SLD, e.g. samples 11AS11, 11AS28, 11AS39 and 11AS47.
If magnetite grains are distributed in well-defined, widely-spaced planes (e.g. foliations) their distribution anisotropy should plot in the region where K b 1 in the Flinn-type diagrams (Floess, 2013) . Similarly, if the magnetite grains are distributed in lines (e.g. lineations) their distribution anisotropy should plot in the region where K N 1. Randomly distributed magnetite grains should plot close to the origin. The axial ratios of the distribution anisotropy ellipsoids are mostly inconsistent with the other fabric datasets (Fig. 5) . The distribution an isotropy plots close to the axial ratios of the AMS ellipsoid only for samples 11AS39, 11AS40 and 11AS46. The grain distribution is often less oblate (K b 1) than indicated by the SPO ellipsoids. For samples 11AS11, 11AS25, 11AS38, 11AS52 and 11AS53, the distribution anisotropy shows a trend towards smaller aspect ratios with increasing number of grains considered in the calculations (not shown in Fig. 5 ). As these additional grains have smaller volumes, this trend could indicate that the smaller magnetite grains are more randomly distributed than the larger grains. The intensity of the distribution anisotropy of the magnetite grains is not in good agreement with the strength of the AMS fabric ( Fig. 6b and d) .
Susceptibility and magnetite content
Since the volume of each separated magnetite grain in the tomographic samples was extracted by the software Blob3D, the total volume of magnetite in each core specimen could be calculated and related to the sample volume (Table 4 ). The magnetite content accounts for 0.2-1.4 vol% for samples with mean susceptibilities K m of 18-119 × 10 − 3 SI and correlates positively with K m of individual sample cores (Fig. 7a ) following the linear relationship:
For the integrated K m of all sample cores of one field site, the linear fit is less excellent but still good with R 2 = 0.91, compared to R 2 = 0.94 for K m of the individual core measurements. The number of magnetite grains separated in each sample core is also directly proportional to K m with higher K m for sample cores with a larger number of magnetite grains (Fig. 7b) .
Discussion
Relation between the SPO of silicates and magnetite
Within ferromagnetic rocks (i.e., magnetite-bearing intrusives such as the Vacca pluton), the AMS signal results from the mean shape orientation (SPO) and the arrangement of all ferromagnetic minerals (Archanjo et al., 1995; Grégoire et al., 1995) . The paramagnetic (Fe-Mg silicates) contribution is typically negligible because of the very high intrinsic magnetic susceptibility of magnetite. Consequently, in this type of magmatic rocks, AMS (magnetite subfabric) and IA (subfabric of silicates) are complementary, and their combination has proven to be highly useful to reconstruct the emplacement dynamics of intrusive magmas (e.g. Archanjo et al., 2002; Archanjo et al., 2009 Archanjo et al., , 2012 Diot et al., 2003) and to infer flow characteristics of ignimbrites and basaltic lava flows (e.g. Boiron, 2011; Gountié Dedzo et al., 2011) . These studies found that petrofabric and magnetic AMS fabric are generally spatially coincident, i.e. coaxial. Our results confirm this observation and add data about fabric intensity, grain shape, and distribution characteristics obtained from X-ray CT imaging.
Our results show that the magnetite and mafic silicate subfabrics are not only coaxial but also share the same range of values of intensity parameters. This confirms that IA can be used for quantitative fabric acquisition as a valid substitute for AMS. Moreover, the three methods (AMS, IA and X-ray CT imaging) appear as equivalent for the quantification of the fabric in this kind of ferromagnetic intrusive rocks.
The SLD of the mafic silicates and the SLD of the magnetites generally agree with the AMS and the field measurements, the IA-F and IA-S. Differences between the methods can partially be attributed to the technique of fabric acquisition and uncertainties in sample reorientation and mounting in the different instruments. The IA with the intercept method calculates a SPO fabric from the boundaries between crystals of different brightnesses along parallel scan lines across an image, without any a priori grey-scale thresholding. The SLD represents a bulk fabric based on the SPO identified from a tomographic image after applying a threshold to separate the phase(s) of interest (Ketcham, 2005a) .
Fabric measurement techniques that cover a relatively large rock volume or surface area (field measurements, IA-F, IA-S, averaged AMS signal of all cylinder specimens from one sample site) usually plot close together in the stereographic projections. In turn, techniques that investigate one individual core specimen (AMS core, magnetite SLD and mafic silicates SLD) show a strong correlation. Consequently, small differences in the fabric between sample specimens from the same sample site exist but these differences are minor as the integrated methods for one sample site yield the same results.
Source of magnetic anisotropy: Grains vs. clusters
In our dataset, the orientation and shape of the magnetite SLD ellipsoids agrees well with the AMS ellipsoids, which indicates that the SPO of individual magnetite grains and of magnetite clusters deter mines the AMS signal. Although magnetite crystallises in the cubic crystallographic system, thin section analysis, SEM and X-ray CT imaging revealed that most grains have a shape anisotropy and are often organised in non-equidimensional grain clusters.
Besides the consistency between AMS fabric and mean grain shape of the magnetite grains and clusters, the arrangement of grains, i.e. the distribution anisotropy, is generally less consistent with the AMS and the magnetite SPO. The distribution anisotropy only shows the same directional fabric components as the AMS and the other fabric measurements in samples 11AS47 and 11AS52. The identical orientation of the grain distribution is due to magnetite clusters (cf. Floess, 2013) . The presence of magnetite clusters in our samples was confirmed by X-ray CT images, thin section and SEM analysis (Fig. 8) . Difficulties to interpret the controls of the AMS signal also arise if the orientation of the AMS main axes plots between the axial orientations of the SLD and the distribution ellipsoid, e.g. samples 11AS39, 11AS47 and 11AS53. In those cases, where the magnetite SLD, the distribution anisotropy and the AMS ellipsoids show consistent orientations in the stereographic projections, the Flinn-type diagrams can be used to inspect whether or not the shape of the distribution ellipsoid and the shape of the other fabric ellipsoids differ from the AMS ellipsoid. For those samples with compatible orientations of the ellipsoids, the axial ratios of the distribution anisotropy diverge from the axial ratios of the AMS. In contrast, the AMS ellipsoid usually has the same shape as the SLD and the IA ellipsoids. Hence, the influence of the grain distribution on the AMS signal is small if the magnetites are not organised in clusters, in agreement with previous studies (Floess, 2013; Gaillot et al., 2006) .
Our three-dimensional analysis of the magnetite content as derived from X-ray CT imaging combined with the AMS measurements enables to establish an empirical relationship between the amount of ferromagnetic minerals and K m in granitoid samples. Although the general relation that K m increases with higher magnetite content is know (Bouchez, 1997; Rochette, 1987) , we are the first, to our knowledge, to relate K m directly to the vol% of ferromagnetic minerals in ferromagnetic tonalites and granodiorites. However, the linear relationship be tween K m and vol% of magnetite grains presented herein does not take the composition of the magnetite into account, which could deviate from the pure Fe 3 O 4 composition when incorporating titanium (solid solution with ulvöspinel, Fe 2 TiO 4 ). The constants of the linear equation relating K m and magnetite content in Eq. (3), slope and the intercept with the y-axis, are a function of the magnetite composition and it is worthwhile investigating this dependence on magnetite composition in future studies. EDX analysis of our samples revealed that the magnetite grains are of nearly pure Fe 3 O 4 composition with less than 1 wt.% titanium oxide confirming the first order link between K m and magnetite content in ferromagnetic granitoids. This is supported by the thermo-magnetic curves which show a Curie temperature of about 575 °C, indicative for pure magnetite as the main magnetic carrier mineral of the AMS signal.
Our data also show a positive correlation of K m with the number of magnetite grains in the samples, although the linear fit is of poorer quality than the K m -magnetite amount relation. This higher variance could reflect the influence of grain clusters, which was confirmed with petro graphic observations.
Conclusions
Ferromagnetic, granitoid samples of the LVC in the Adamello Batholith were investigated with various fabric measurement techniques in order to constrain the relation between SPO of silicate and magnetite, to determine the relation between the 3D spatial distribution of magnetite grains and their SPO, and finally to determine the respective accuracy and efficiency of these methods.
In our samples, which all contain magnetite, the orientation and intensity parameters of the AMS signal are in remarkable agreement with the same parameters obtained with IA and X-ray CT. This indicates that those methods are able to give quantitative information about fabric strength, which is a new and original result, as previous studies use them only as qualitative tools (St Blanquat et al., 2001 . In addition, we were able to show that the mean magnetic susceptibility K m correlates linearly to the vol% of magnetite and to the number of magnetite grains in the analysed tonalites and granodiorites.
Our results demonstrate that the AMS signal is primarily controlled by the shape of magnetite grains and magnetite clusters, and not by the distribution of the grains. The spatial arrangement of the magnetites is only relevant if the magnetite grains form clusters. In most of our samples, the SPO of magnetites and mafic silicates tends to be tabular (oblate ellipsoid) whereas the grain distribution anisotropy tends to be more linear (prolate ellipsoid). The AMS and the SPO of magnetites and of mafic silicates show similar fabrics in the analysed tonalites and granodiorites, which validates the application of AMS measurements and IA to investigate orientation and intensity of fabrics in granitoids. John and Blundy (1993) , Brack (1985) and Ulmer et al. (1985) . Tables   Table 1. Comparison of the fabric measurement techniques. 
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